ABSTRACT
INTRODUCTION
Dysphagia is the medical term for difficulty or inability to swallow liquid food or medication; it occurs during oropharyngeal or the oesophageal phase of swallowing (Berber and Joshi, 2010) . Dysphagia is associated with advancing age; however, it can occur at any time during the lifespan as it may results from one of several pathologies such as neuromuscular disorders, brain injury, or stroke (Cichero, 2006) . Texture modification of foods and thickening of fluid are the most common practice use in the assessment and treatment of dysphagia. Texturemodified food is defined as food altered in its texture, whether in the degree of hardness, adhesion, cohesion, consistency, crunchiness, chewiness or gumminess, particle size, or rate at which the food breaks down in the mouth. Meanwhile, thickening of fluid is normally carried out by addition of food thickeners; either starch-based or gum-based types. Thickened food products can alter the rate of food travelling down the pharynx (Zargaraan et al., 2013) .
Rheological analysis of foods plays a vital role in the management of patients with dysphagia as the swallowing ability among these patients is vastly different (Cichero et al., 2000) . Rheology is defined as the study of deformation and flow of matter, which is greatly relevant as all food is subjected to large deformations in the mouth before swallowing, as well as during processing. During swallowing, the food bolus is subjected to variable shear rates, and the maximum shear rate depends on the viscosity of the bolus (Nicosia, 2007) . Therefore, rheological characterization of food is utmost important in developing special food for patients with dysphagia, allowing an easy masticated food and safe swallowing process.
People with dysphagia are often malnourished. The inadequate balance of calories and protein may results in weight loss and even lead to death if left untreated (Evans, 2005) . Pureed food is the most easily tolerated by individuals with dysphagia (Aviv et al., 2000) . Providing a meat based pureed food to patients with dysphagia can certainly help to fulfil their daily protein requirement. Most of dysphagia food product consists of thickening agent.
In puree food, thickeners act by binding the liquid to create a more cohesive product (Richman et al., 1994) .
In the present work, the stability of chicken rendang puree incorporated with different types of starch as thickener will be evaluated based on rheological studies. The suitability of using tapioca and sago starch to replace commercial thickener will be assessed. Tapioca and sago are the two major native starches in Malaysia.
MATERIALS AND METHODS

Preparation of Chicken Rendang Puree
Chicken rendang was prepared by following a traditional recipe for rendang making. All materials were purchased from the local markets in Penang. The chicken breast meat (100g) was ground until fine using a bowl cutter mixer R5 (Robot Coupe, France). All other ingredients were added based on weight of chicken breast meat.
The chicken rendang was allowed to cool for 30 minutes before being processed into puree form by using food processor (Model MK-5087M, Panasonic, Osaka). Commercial thickener (modified corn starch, Thixer), tapioca and sago was later added with concentrations of 5, 6 and 7%. These samples were then stored in -20˚C freezer until further analysis.
RHEOLOGICAL MEASUREMENTS
Oscillatory Analysis
A controlled stress rheometer (AR 1000, TA Instruments, New Castle, DE) equipped Peltier temperature control system and 20mm parallel plate attachment was used in the experiment. The sample temperature was ramped between 28˚C and 85˚C with an increment of 10˚C. The exposed sample perimeter was covered with silicone oil to minimize evaporation at higher temperature. Dynamic oscillatory tests were carried out at a frequency sweep from 0.1 to 10 Hz. The oscillation stress was selected based on linear part of the viscoelastic range.
Data was taken at temperature 28˚C, 55˚C and 85˚C, to represents room temperature, serving temperature and heating temperature respectively. All rheological measurements were carried in duplicate. Storage modulus (G') and loss modulus (G") were obtained from the software (Rheology Advantage, TA version 2.3).
RESULTS AND DISCUSSION
Effects of Temperature
The effects of different temperature on the dynamic shear modulus of chicken rendang puree with and without thickener are presented in Figure 1 a function of frequency. Storage modulus was seen higher than loss modulus values over the entire frequency range which indicates a weak gel like properties associated with each sample. Similar behavior was observed for baby food product (Ahmed and Ramaswamy, 2007) . The larger value of storage modulus is an indication of strong particleparticle interactions and/or the network type structure in a stabilized form (Carreau et al., 2002) . Table 1 . From the data, sample that contained thickener showed a higher G' values than the control sample. It proves that presence of thickener plays an important role in enhancing the structure of the products. For control sample, G' and G" were seen decreasing with an increase in temperature from 28°C to 55˚C while an increase were noticed at 85˚C which shows a shear thickening effect. The change and increase in G'-ω and G"-ω curves indicates the possibility of protein denaturation initiation. There were 3 predominant proteins that have been recognized generally; sarcoplasmic, myofibrillar and stromal proteins which the denaturation is in the range of 63 -83˚C (Ahmed and Ramaswamy, 2007) . Protein denature is normally associated with conformational changes of protein on heating (Tornberg, 2005) .
Some starch-thickened samples (SX 6% and 7%, TX 5%, MC 5% and 7%) also exhibited similar trend as the control sample. However, some samples; SX 5%, TX 6% and 7%, MC 6% showed a continuous decreasing value of G'. These could be due to shear thinning effect of starch gel. The decrease of G' indicates that the gel structure is starting to destroy, caused by the melting of the crystals present in the gel which deforms and loosen the structure, thus reducing the elasticity (Eliasson, 1986 ). This observation is consistent with a study carried out by other researcher, which indicate that the swollen starch particles changes the rigidity of starch to became rheologically shear thinning (Carreau et al., 2002) . The inconsistent G' trends among thickened samples might be contributed by the inhomogeneous nature of the samples. Higher value of G' is desirable since starch-thickened food will react with salivary enzyme (amylase) during chewing process, causing the product to become less viscous (Wendin et al., 2010) . All 6% concentration showed highest G' value than other concentrations (5 and 7%), with MC being the highest, followed by TX and SX. It is known that modified starch possess a greater stability towards shearing than native starch does. In terms of stability upon heating, TX with 5% addition remains stable with temperature increment. For both SX and MC at 5% starch, the temperature only affects the stability moderately. Meanwhile, MC at 7% also exhibits greater structure stability compared to SX at 7%. The optimal concentration of starch added can be estimated based on A value (Table 1) . Larger A value indicates strong particle-particle interactions and/ or the stabilized form of network structure (Carreau et al., 2002) . Based on Table 1 , 6% starch addition was selected based on the highest A value obtained.
Effect of Different Starches
A comparison was made between control and those with added thickeners (SX, TX and MC). The G' and G" exhibited higher value in all SX, TX and MC compared to control sample, indicating that the thickeners addition enhanced the gel structure (Zhang and Barbut, 2005) . This finding is supported by results of Genccelep et al. (2015) which concluded that thickeners contributed to the viscoelastic properties of meat emulsions. Carballo et al. (1996) © 2016 Conscientia Beam. All Rights Reserved.
reported that modified corn starch affected the microstructure of meat emulsions and favored the formation of more compact and stronger heat-induced protein network.
Figure-1. (b)-(g).
Effect of temperature on dynamic rheology of chicken rendang puree with addition of starch as thickener Furthermore, it was observed that TX has the closest G' values to MC (commercial thickener), indicating TX has higher elasticity and more extensible. It is known that G' measures how much energy stored in the sample and how much energy is recovered from it for every cycle of sinusoidal shear deformation, indicates whether the sample has a solid or elastic characteristics (Karim et al., 2000) . Gel strength (represents as G') is inversely proportional to the amylose content and its molecular mass (Ellis and Ring, 1985) .
This statement has been seconded by Ahmad and Williams (1998) which showed that G' value would decrease with the increasing molecular mass of the amylose. It is known that the amylose content of TX is lower than the SX (Wattanachant et al., 2002) hence this proves why TX sample provided higher G' values at 6% concentration than SX sample at the same starch concentration.
Mathematical Modelling
In order to determine storage and loss modulus in terms of frequency dependence, dynamic frequency sweep test were conducted. The modulus value was modeled by power-type equation as follows:
where ω is the frequency and A and b are constants (Steffe, 1996) .
The regression coefficients (R 2 ) were calculated and presented in Table 1 
CONCLUSION
Storage modulus (G') and loss modulus (G") values of starch-thickened samples decreases as temperature increases, as lose its integrity upon heating, which lead to shear thinning. Results showed that storage modulus were seen higher than loss modulus values over the entire frequency range which indicates a weak gel like properties associated with each sample. Control sample (chicken rendang without any starch addition) exhibit shear thinning effect at temperature above 55°C, while all thickened samples demonstrated a shear thinning effect throughout the temperature studied. The optimum starch concentration for all thickened samples was found around 5%, in which it remained stable even at 85°C. Addition of commercial thickener was found to exhibit the most stable structure, followed by tapioca and sago starch, upon oscillation frequency and temperature increment during rheological analysis. In conclusion, it was shown that tapioca starch could potentially use as cheaper thickener alternative in preparing chicken rendang puree. Development of this product would add to more choices of texture modified food, which is safe for patients with dysphagia consumption.
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